The linkages among different construction markets have recently attracted much attention from construction economists. The interactions among regional construction markets have been discussed in a few studies, most of which have been carried out by using input-output methods, and none of them investigated spatial effects on the regional construction markets. This study employed spatial econometric techniques, including spatial autocorrelation and convergence tests, to analyse interactions and linkages among construction price indices in Australian six states and two territories. The empirical results indicate the presence of significant positive spatial correlation among the construction prices in Australian eight construction markets and the degree of dependence decreasing sufficiently quickly as the space between regions increases. The results of convergence test further provide evidence of existence of a ripple effect in construction prices among the Australian regional markets and the changes in construction prices in a state would first positively influence neighbouring states, and then spread out into other non-neighbouring states or territories.
Introduction
Construction plays a vital role in many economies not only in generating a conspicuous contribution to economic development, employment and income but also in providing the necessary public infrastructure and private physical structures for government, business, and domestic consumption (Song et al., 2006) . The severity of the global economic impact of the recent financial crises has intensified the needs for modelling linkages between different regional construction markets (Jiang et al. 2013) . It is important for construction firms, developers and policy makers to understand how specific regional market shocks are transmitted to other regions, because it affects their ability of risk hedging though regional investment.
The linkages among construction markets in different regions has been discussed in previous studies. Song et al. (2006) investigated forward and backward linkages among construction markets in eight OECD countries by using input-output methods. Developing countries generate economic development by rapid investments in construction programs over a short-term period, leading to direct or indirect effects on other regional construction markets (Low, 1991) . As a regional dimension was added in the study of the relationship between the construction industry and economic growth in China (Han and Ofori, 2001) , the authors found that regional construction markets are strongly interacting due to the spread of civil engineering works and infrastructure projects across all the provinces. Linkages among regional housing and construction markets have been found in the studies of Alexander and Barrow (1994) and Luo et al. (2007) . These studies indicated that migration and regional arbitrage activities may be the main reasons that lead to diffusion of regional house prices.
With a few notable exceptions, most of these studies have been carried out at the national level. However, an important strand of thought argues that construction markets cannot be considered as a national aggregate, but are better represented as a series of interconnected regional and local markets. There are two aspects of this issue, first, the determinants of construction prices and demand may differ over different socio-economic development levels. Hence, even if the structures of construction markets are identical, there may still be a problem of differences in construction markets from a policy perspective. Secondly, the interactions among regional construction markets could not be ignored. Whether or not spatial effects on regional construction markets need to be considered in the construction price and demand formulation has never been discussed. Recently, spatial autocorrelation has been increasingly used in cross-sectional and panel regression studies, neglecting that spatial autocorrelation in regression models may lead to poor assessment of the estimator (Martellosio, 2011) . In this study, the interrelationship of regional construction markets will be investigated by utilising spatial autocorrelation tests among regional construction prices in Australia. Additionally, the converging property of construction price levels of the eight regional markets will be estimated by using spatial convergence tests.
Spatial Linkage Indications
Spatial econometrics, introduced by Paelinck and Klaasen (1979) and Anselin (1988) , is a subfield of econometrics that deals with the treatment of spatial interconnections and spatial structures in regression models for cross sectional and panel data. The development of spatial econometrics has been spurred by a new interest in the role of space in regional economic, with a particular emphasis placed on interactions in dependence (autocorrelation) and spatial convergence (Holly et al., 2010) .
Spatial dependence in a collection of observations refers to the phenomena that an observation in a location is correlated with the observations in the other locations (LeSage, 1999) . The core attention of spatial econometrics is to address the spatial dependence among the observations of interest. In the spatial econometrical regression models, spatial dependence represents the spatial effects and is expressed in the form of spatially lagged dependents or in the form of error structures. The former, which is called spatial lagged model, is used in the following parts of this research. Spatial heterogeneity refers to the distinctions in relationships across regions. In the regression context, the spatial heterogeneity can be carried out by varying parameters, random coefficients and so on (Anselin, 1988) . When there is a spatial autocorrelation, the sample variances and correlation coefficients in the conventional statistical models tend to be biased (Griffith and Chun, 2014) .
Spatial convergence was first mentioned by Baumol (1986) in analysing of the convergence of national productivity levels. The systematic approach of investigating the regional convergence was introduced in the research which studied the issue whether poor countries should grow faster than rich ones (Barro and Sala-i-Martin, 1992) . Based on a neoclassical growth model (Solow, 1956 ) and under the assumption that the steady states and the relevant factors should be the same over regions, this research provided a way to investigate the convergence across the U.S. states over a certain period. The results suggested that the U.S. regional economies should converge. The regional convergence of German labour markets was investigated by a technique of geographically weighted regression, which allowed a detailed analysis of convergence processes (Eckey et al., 2007) . Spatial convergence has also been widely applied to analysis of regional housing markets in many studies, for instance, (Meen, 1996; Cook, 2003; Holly et al., 2011) . These authors all supported the existences of both price convergence and strong equilibrating mechanisms in housing markets.
Spatial Effect Originations
Spatial effects in the regional markets have been found in many studies, particular in housing and construction markets. Geographical forces that arise from economic or other activities of the agents in neighbouring regions may come into play in a different region (Deng et al., 2010) , Deng et al., (2010) also indicated that if regions in adjacent areas are growing fast, this may generate demand for construction workers and land as many other industries also begin to expand their activity in the region itself. When construction activity is low, competition for projects becomes intense, and construction firms are willing to bid in other regional markets where they do not normally operate (Skitmore et al., 2006) . Skitmore (1987) indicated that builders move with the seasons from one region to another to obtain work.
Previous studies have found that spatial effects are statistically significant, but the underlying behavioural explanations for the interactions which lead to the observed pattern of the spatial effects are still not entirely clear. Three possible explanations might be distinguished as Migration, Spatial arbitrage, and Spatial patterns in the determinants of construction prices.
It is possible that States that are contiguous may influence each other's construction prices. High construction prices in one market may persuade people to commute from neighbouring states (Holly et al., 2010) . A lower construction price may provide an incentive to migrate and increase the labour mobility. Giussani and Hadjimatheou (1991) indicated that if housing construction prices are high in a south region relative to north region, then households might be expected to migrate to the north region, leading to an equalisation in housing construction prices over time as the ripple effect would suggest. Since the empirical studies typically find that population changes are the key influence factor for construction prices, changes in migration might affect changes in construction prices.
Construction firms, developers and suppliers may enter that market for gaining higher profits when the construction price goes up (Skitmore et al., 2006) . If construction markets were fully efficient, arbitrage would take place over space to eliminate any differences in returns. Evidence of spatial arbitrage in regional construction markets has been found of a diffusion process or ripple effect, whereby recent strength in one sub-market feeds gradually into others (Fu and Liu, 2010) . These arbitrage activities might be explained as when new information becomes available in one region, this information is transmitted first to nearby regions (Meen, 1999) .
Spatial effects as determinants of construction prices have been found in some previous studies, such as Skitmore et al. (2006) . The author summarized that a high demand in the northern area of the USA is associated with high construction prices. Changes in demand in one regional construction market would cause changes in demand in nearby markets, hence produce similar shifts in their construction price levels. Meen (1999) claimed that the changes in local income may affect incomes in nearby regions and generate indirect impacts on their construction markets.
Methodology
In this study, spatial autocorrelation and convergence tests are employed to explore the existence of spatial effects on the regional construction prices.
various types of spatial weight constructions in spatial econometrics, which can be classified into two ways. One is to construct the spatial weights based on the distance among observations, while the other is to use the contiguity reflecting the position of one observation to the others in the space. In this paper the spatial weight will be constructed based on the position of each regional construction market to others in the space. For example, the (i, j) elements of a weighting matrix, could take a value of 1 if the ith and jth regions but are contiguous and zero otherwise. The spatial weight for two regions is defined as the reverse values of the , namely = 1 .
In that way, the weight matrix W is composed by = [
]. It can be found that the geographic weight matrix is symmetric, which means the spatial weight from region i to region j is the same as that from region j to region i. Moreover, the spatial matrix is time invariable, indicating the spatial weights will not change over time.
The null hypothesis for testing the presence of spatial autocorrelation is that there is no relation between construction prices in different regions and their relative weights. Moran's I statistic (Moran, 1950 ) is used to calculate the tests in this paper. The calculation of Moran's I test mentioned in the work of Aten (1996) was described as
where, i and j denote the eight different regional construction markets, counted from 1 to 8, N denotes the number of regions, (8), is an element of the spatial matrix W, and denote the natural logarithm of the construction price in state i and state j respectively, and ̅ = 1 ∑ in a certain time. The Moran's I values range from -1 to 1. A positive value of Moran's I indicates a positive autocorrelation, which is measured as the clustering of similar construction prices, while a negative value indicates a negative autocorrelation, which describes the tendency for dissimilar construction prices to cluster. When the Moran's I value close to 0, it is expected that the physical distribution of construction prices should follow a random distribution, which means the lack of spatial autocorrelation. is the expected value of Moran's I, when there is no spatial autocorrelation, while ( ) is the variance of Moran's I. When ( ) is more than / , there is a significant positive spatial autocorrelation; when ( ) is less than − / , there is a significant negative spatial autocorrelation, where indicates the critical level of the confidence.
Spatial Convergence Test
Spatial convergence has been considered through co-integration analysis. Suppose, for example that construction price p in region i and form a co-integration set:
If a change in one region is transmitted to all other regions, then there is a stable long-run relationship in construction prices between the regions, and those regions may be considered as open in the long-run. If this does not occur, then there is a suggestion that there are barriers, preventing prices from adjusting. The concept of co-integration was first suggested by Granger (1981) . If several non-stationary variables have a co-integration relationship, it indicates that these non-stationary variables own a common trend and there is an equilibrium relationship among them in the long term. There are two popular econometric co-integration test theories employed in this study. They are the Engle-Granger co-integration test and the Johansen co-integration test. The Engle-Granger co-integration test theory was proposed by Engle and Granger (1987) . The Engle-Granger co-integration test is good at detecting pairwise co-integration relationship between variables. Once the pairwise co-integration relationships are discovered, then the co-integration equations can be built up on this ground, and the causal links between variables will be explored according to a co-integration model. There are two sorts of Engle-Granger co-integration test used in this study. They are one without deterministic time trend and another one with deterministic time trend.
When the pairwise co-integration relationships are detected by the co-integration test, it does not support the notion that there is a continuous equilibrium relationships between the pairs of variables, and they are because they are probably in disequilibrium in the short term. However, despite this, there may well be a long term equilibrium relationships between the variables. The equilibrium error term was firstly proposed by Sargan (1964) , and it is named as 'error correction mechanism'. The notion of error correction mechanism was promoted by Davidson et al. (1987) and combined with co-integration theorem by Engle and Granger (1987) . The danger of spurious regression can be eliminated by the analysis of the cointegration relationship, and the error correction models can used to present the causality between the pairs of variables.
The error correction model is expressed as:
where represents the data series derived from the first difference of the time series and denotes the data series at the first difference level, t=1, 2, 3, …, n and n is dimension of the vector variable. The time series of and are both hypothesized as I(1), which indicates that they are both integrated at the first difference level. The symbol denotes the short term elasticity, and the symbol represents the rapidity of adjustment back to equilibrium status and the item of denotes the residual value of the ECM. The item of −1 denotes the error correction term, and in the expression of −1 , the symbol is the constant item and the symbol 1 represents the long term elasticity. The −1 is derived as the residual value of the co-integration regression equation.
Australian Construction Markets
The data used in this study is adopted from the Australian Bureau of Statistics. The coverage of collections and datasets processed by the Australian Bureau of Statistics is widely spread over Australian social and economic activities, such as research and development, manufacturing, energy, mining, retail and wholesale trade establishments, interstate trade, tourist accommodation, the census of population and housing, education, health, welfare, justice and other social issues, national accounts, labour forces, household income and expenses and agriculture. Producer price indices and house price indices are also generated by the Australian Bureau of Statistics, and they are significant economic indicators to measure the degree of economic health.
This study focuses on the producer price indices of general construction at the sub-national level in Australia. The six states and two territories general construction price indices are used in this study specifically. The quarterly construction producer price indices are extracted from the producer price indices data of the general construction industry from 1998Q3 to 2013Q1. The data structure chart of PPI of the general construction industry in Australia is presented in Figure 1 . As Australian Bureau of Statistics (ABS 2013) indicated, the calculations of the output indices are processed on the foundation of the reference base 1998-99=100.00. The constituent groups and classes of the ANZSIC subdivision 41 embrace the building construction group (411), which contains three classes which are house construction (4111), residential building construction and non-residential building construction (4113). Another group is the non-building construction group (412) which covers road and bridge construction (4121) and non-building construction (4122), which includes railways, telecommunications, electricity infrastructure, etc. The index employed in this study is that of output prices for general construction (41).
Figure 1 Structure chart of producer price indices of the general construction industry in Australia
Testing for Spatial Autocorrelation among Australian Construction Markets Prior to testing spatial autocorrelation among regional construction markets, a spatial weight matrix is needed. Based on the geographic location of each state and territory, a geographic weighting matrix can be developed and summarized as in Table 1 , which shows South Australia is contiguous with five states. The construction market in South Australia received influence from five neighbouring regions each wi8th a spatial weight of 0.2. In contrast, Tasmania is only contiguous with Victoria and the spatial weight from Victoria to Tasmania is 1. The unbiasedness condition would hold if and only if the spatial weights sum up to one. Figure 2 . The figure shows the Moran's I values of construction prices across Australia's six states and two territories are positive at each quarter throughout the whole observing period. This means that the construction price at one region is positively associated with those at its neighbouring regions. In addition, Figure 2 gives the Z-scores of those Moran's I values, whose critical values are -1.96 and 1.96 with the significance of 5%. The results suggest the presence of significant positive spatial correlation between the construction prices of Australia's regional markets at each quarter from 1998Q3 to 2013Q1. That means that when the construction prices in one market increase, it will positively affect construction prices in other contiguous markets in most of the quarters from 1998 to 2013. Furthermore, the autocorrelation results seem to suggest that the degree of dependence decreases quickly as the space between units increase. 
Testing for Spatial Convergence in Australian Construction Markets
The co-integration analysis is employed for testing spatial convergence to detect long term equilibrium relationships. The variables are co-integrated if they share a common trend and tie together in a long term equilibrium relationship. The Engle-Granger test method is employed to test the co-integration relationships of the six states and two territories construction prices indices. The casual relationships between the regional indices will be explored as well.
The construction price indices in eight regional markets are tested for non-stationarity. There are two different co-integration regression analysis included in this research: co-integration regression analysis without deterministic trend is shown in Table2, and co-integration regression analysis with deterministic trend is presented in Table 3 . For every pair of two states, there is one least square regression equation. The values of R-square indicate the fits of the spatial convergence estimation models. ADF test on residuals is the Augmented Dickey-Fuller unit root test on the residuals obtained from each least square regression equation. The item 'na' denotes the residuals acquired from individual regression equations are non-stationary according to the ADF unit root test. The percentages are the significance levels when the null hypothesis can be rejected. This indicates that the series of residuals is stationary, so these two variables can be considered co-integrated. Table 2 Pairwise co-integration test results (without deterministic trend)
Note: The percentage number in the ADF on residuals row denotes the significance level when the null hypothesis is rejected respectively.
From the results revealed in Table 2 , there are 19 pairs of state construction price indices which are co-integrated, each pair having a long term equilibrium relationship. While 9 pairs of state series are tested to be co-integrated, and they are all observed as co-integrated pairs in table 3 as well. The coefficients of determination (R-square) values in Tables 2 and 3 suggest that the pairwise relationships among these regions are quite stable. Most of the coefficients of determination values are above 0.9, however a few R square values lower, e.g. the regression of Victoria on Northern Territory and Northern Territory on Victoria. There are several factors affecting co-integration, such as the amount of market information reflected in the prices of a particular market (Buccola, 1985 (Buccola, ,1989 . Maybe the factor of market volume (Tomek, 1980) , and degree of industry concentration (Goodwin and Schroeder, 1991) are also relevant in affecting co-integration. The co-integration regression tests also indicate that the law of one price is valid in the markets, and the co-integration regional linkages are shown through the test results. All the outcomes support the hypothesis that there is regional convergence of construction prices. Table 3 Pairwise co-integration test results (with deterministic trend)
The co-integration regression tests explore the spatial convergence of the pairs of state producer price index series of construction. However, even during long term equilibria, there are still some short term disequilibria caused by short term changes. The error correction model is applied to estimate this short term disequilibrium. In practice, the error correcting mechanism can be arbitrage and trading activities in the economic system. Table 4 presents the error correction model equations for the six states' and two territories' producer price index series of house construction based on Engle-Granger co-integration test results. D(.) denotes the data series of the item included in the bracket at the first difference level. The coefficient of the D(.) on the right of the equation denotes the short term elasticity of changing, which is the short term changing rate. The coefficient of ecm t-1 denotes the speed of adjustment from short term disequilibrium back to a long term equilibrium relationship. Table 4 Error correction models of construction producer price indices indicated that when the co-integration relationship exists, it is considered that a Granger causality must occur in at least one direction. The causal links between six states and two territories have been presented in Figure 3 , which indicate the elasticity of changing in the diffusion of regional construction prices based on the co-integration regression test and error correction model estimations. Figure 3 The results of our spatial convergence tests suggest that there are 14 pairs of regional market with bidirectional causalities and other 5 pairs of regional markets with one-way causality only with other regional markets. It is also found that each market has at least one one-way causality with other regional markets except Northern Territory, and the causality links between the states are mainly with adjoining states. Furthermore, there are no causal relationships with the Northern Territory meaning that movements of construction prices in the Northern Territory do not affect other regions. This may be because the construction market in Northern Territory is the smallest of the eight regional markets. The construction price in New South Wales has the highest degree of positive influences on five regional markets may be because New Sales Wales in the last two decade has become the largest construction market in Australia. These results further present evidence on "ripple effect" in the construction prices in Australian regional markets and that the changes in regional construction prices will positively influence neighbouring states first, and then spread out into other regions. Finally the regional prices converge and reach a long-run equilibrium in the following quarters.
States or
In the regional construction markets, investors, developers and policy makers need to consider spatial linkages in modelling construction prices and demand to increase the accuracy of calculation. The fluctuation of construction prices in one state, such as New South Wales or South Australia, could be induced by the policies and strategies adopted in their neighbouring states and territories, and their economic development.
Conclusions
The linkages among different construction markets are widely discussed. This study focuses on analysing spatial linkages between construction price indices in Australia's eight regional construction markets by employing spatial autocorrelation and convergence tests.
The results show the presence of significant positive associations between the construction prices in Australia's eight construction markets. The autocorrelation results also suggest that the degree of dependence decreases as the space between the markets increases. Each construction market has at least one one-way causality with other regional markets except the Northern Territory's. The construction prices in New South Wales has the highest degree of positive influences on other regional markets.
The results of convergence tests present further evidence on a ripple effect on construction prices in Australia. The changes in regional construction prices first influence neighbouring states in a positive direction, and then spread out into other regions, and finally the regional prices converge and reach a long-run equilibrium after a few quarters.
